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TUNABLE DEVICES INCORPORATING 
CACU3TI4012 

This application claims the bene?t of US. Provisional 
Application No. 60/201,808, ?led on May 4, 2000. 

FIELD OF THE INVENTION 

This invention provides tunable devices incorporating the 
dielectric material CaCu3Ti4O12. 

BACKGROUND OF THE INVENTION 

The use of dielectric materials to increase capacitance is 
Well knoWn and long-used. Earlier capacitor dielectrics fell 
into tWo categories. The ?rst category of dielectrics has a 
relatively temperature-independent dielectric constant but 
the value of the dielectric constant is loW, e.g., 5—10. 
Materials such as electrical porcelain and mica fall in this 
category. The second category of dielectrics has very high 
dielectric constant, e.g., 1000 or more, but they are quite 
temperature dependent. An example is barium titanate, 
BaTiO3. 

Since the capacitance is proportional to the dielectric 
constant, high dielectric constant materials are desired. In 
order to perform acceptably in tuning or resonance circuits 
the dielectric must have a dielectric constant that exhibits 
minimal temperature dependence; otherWise small changes 
in ambient temperature throW the circuit out of resonance. 
Other applications require a dielectric constant that exhibits 
minimal frequency dependence. It is also desirable to have 
the loss or dissipation factor as small as possible. 

For many microWave devices the important material 
features are the dielectric tunability, i. e., the change in 
dielectric constant With applied voltage, and loW dielectric 
loss. Barium strontium titanate, Ba1_xSrxTiO3, has been used 
in some such applications but the need persists for materials 
With better properties. 

Deschanvres et al., Bull. Soc. Chim. Fr. 4077 (1967) 
report the preparation of CaCu3Ti4012 With the perovskite 
structure and a lattice constant of 0.7393 nm. 

Bochu et al., J. Solid State Chem. 29, 291 (1979) disclose 
the synthesis and structure of CaCu3Ti4O12 and related 
titanates and report the lattice constant to be 0.7391 nm. 

Yandrofski et al., US. Pat. No. 5,472,935, disclose tun 
able microWave and millimeter Wave devices incorporating 
tunable ferroelectrics. 

SUMMARY OF THE INVENTION 

This invention provides tunable devices incorporating the 
dielectric CaCu3Ti4O12. CaCu3Ti4O12 is especially useful in 
tunable devices such as phase shifters, matching netWorks, 
oscillators, ?lters, resonators, and antennas comprising 
interdigital and trilayer capacitors, coplanar Waveguides and 
microstrips. 

This invention also provides electrical devices requiring a 
dielectric material With a dielectric constant above 9000 
Wherein the dielectric is CaCu3Ti4O12. 

DETAILED DESCRIPTION 

CaCu3Ti4O12 has dielectric properties that provide advan 
tages in devices requiring a high dielectric constant as Well 
as in tunable devices. CaCu3Ti4O12 has a dielectric constant 
above 9000 over a frequency range of 1 kHZ to 1 MHZ. 

CaCu3Ti4O12 can be synthesiZed by the folloWing proce 
dure. Stoichiometric amounts of the precursors are thor 
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2 
oughly mixed. The precursors CaCO3, CuO and TiO2 are 
preferred. The mixed precursor poWder is calcined at about 
1000° C. for about 12 hours. The calcined poWder is 
reground and pressed to 12.7 mm diameter/1—2 mm thick 
disks. The disks are sintered in air at about 1100° C. for 24 
hours. In both the calcining and sintering steps, the tem 
perature ramping up rate is about 200° C./hour from room 
temperature, i.e., about 20° C., to the calcining or sintering 
temperature and the cooling rate is about 150° C./hour from 
the calcining or sintering temperature to room temperature, 
i.e., about 20° C. 

CaCu3Ti4O12 crystalliZes in a cubic perovskite Im3 struc 
ture. 

Dielectric measurements Were carried out on the disk 
samples. The faces of the disk-shaped samples Were pol 
ished With a ?ne-grit sand or emery paper. Silver paint 
electrodes Were applied on the faces and dried at 70—100° C. 
The capacitance and the dielectric loss measurements Were 
performed by the tWo-terminal method using HeWlett 
Packard 4275A and 4284A LCR bridges at a temperature of 
25° C. over a frequency range of from 1 kHZ to 1 MHZ. The 
capacitance, C, and the dissipation factor are read directly 
from the bridge. The dielectric constant Was calculated 
from the measured capacitance, C in picofarads, from the 
relationship, K=(100 Ct)/(8.854 A), Where t is thickness of 
the disk shaped sample in cm and A is the area of the 
electrode in cm2. Voltages Were applied across the ?at 
electroded faces of the disks and tunability Was calculated 
by measuring the change in dielectric constant With applied 
voltage. The tunability, T, is calculated from the equation 
T=[K(0)—K(V)]/K(0)] Where K(0) is the dielectric constant 
When there is no applied voltage and K(V) is the dielectric 
constant When there is an applied voltage V. The tunability 
is usually expressed as a percent for a given applied electric 
?eld so that the above result for T is multiplied by 100 or it 
is Written as T=(constant) E Where T is the tunability in %, 
E is the electric ?eld and the constant is characteristic of the 
particular material. 

EXAMPLE OF THE INVENTION 

CaCu3Ti4O12 Was prepared by the folloWing procedure. 
Appropriate amounts of the starting carbonate and oxides 
CaCO3, CuO and TiO2 Were Weighed according to the 
stoichiometric ratios and mixed thoroughly in an agate 
mortar. The gram amounts of the precursors used are shoWn 
in Table 1. The mixed poWder Was calcined at 1000° C. for 
12 hours. The calcined poWder Was reground and pressed to 
12.7 mm diameter/1—2 mm thick disks. The disks Were 
sintered in air at 1100° C. for 24 hours. In both the calcining 
and sintering steps, the temperature Was increased from 
room temperature, i.e., about 20° C., to the calcining or 
sintering temperature at a rate of 200° C./hour and the 
temperature Was decreased from the calcining or sintering 
temperature to room temperature, i.e., about 20° C., at a rate 
of 150° C./hour. 

X-ray poWder diffraction patterns Were recorded With a 
Siemens D5000 diffractometer. The data shoWed that 
CaCu3Ti4O12 crystalliZed in a cubic perovskite related Im3 
structure. The measured lattice parameter and the literature 
value are listed in Table 1. 

TABLE 1 

CaCO3 
CuO 

0.2502 g 
0.5966 g 
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TABLE 1-continued 

Tio2 0.799 g 
a, measured .7391(1) nm 
lattice parameter 
a, literature value .7391 nm 

lattice parameter 

The disk samples Were polished to produce ?at uniform 
surfaces and electroded With silver paint. The painted 
samples Were dried at 70—100° C. overnight. Capacitance 
and loss tangent measurements Were taken on a 

HP-4284A LCR meter at room temperature, i.e., about 
20° C., over a frequency range of from 1 kHZ to 1 MHZ. The 
results are shoWn in Table 2. 

TABLE 2 

Frequency Dielectric Loss 
(HZ) Constant Tangent 

1 k 12334 0.105 
10 k 11087 0.0695 

100 k 10286 0.0674 
1 M 9211 0.232 

Voltages up to 100V Were applied across the ?at elec 
troded faces of the disks using an Keithley 228A voltage/ 
current source and the dielectric constant Was measured as 
a function of applied voltage at room temperature using a 
HP-4275A LCR meter. The percent tunability and the 
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applied electric ?led to obtain that magnitude tunability are 
shoWn in Table 3 over a frequency range of from 1 kHZ to 
1 MHZ. The tunability equation Written in the form 
T=(constant) E is also given in Table 3 for each frequency. 

TABLE 3 

Electric Frequency 

Field (V/Mm) 10 k 100 k 1 M 10 M 

0 0.000 0.000 0.000 0.000 
0.017182 1.149 1.015 0.805 0.328 
0.034364 2.546 2.258 1.849 0.786 
0.051546 3.924 3.491 2.926 1.290 
0.068729 5.244 4.676 3.896 1.841 
0.081615 6.201 5.536 4.627 2.182 
Tunability T = 77.0 x E T = 68.8 x E T = 57.7 x E T = 27.5 x E 

(T: tunability in %, E: electric ?eld in V/Mm) 

The results shoW that CaCu3Ti4O12 has a high tunability 
along With a high dielectric constant. 

What is claimed is: 
1. A tunable electric device comprising CaCu3Ti4O12. 
2. A tunable electrical device requiring a dielectric mate 

rial With a dielectric constant above 9000 comprising the 

dielectric CaCu3Ti4O12. 


